ABSTRACT: There are mainly two different orbital information, namely broadcast ephemerides and IGS final ephemerides (IGS rapid, ultra rapid, predicted and final ephemerides) used in the GPS positioning. The broadcast ephemerides used in practice and real time are obtained through assessments derived from the observations from the USA GPS reference stations. Broadcast ephemerides are formed (depending on GPS week) from satellite information and the accuracies they provide are adequate in many GPS applications. On the other hand, several parameters (for example, information about gravity area, improved satellite orbit information, etc.) need to be known in order to attain high accuracy in engineering and geodetic applications. Final ephemeris information can be downloaded from the related web sites via the internet. In this study, Keplerian motion and Keplerian orbital parameters will be explained briefly and extensive information about ephemerides and numerical applications will be given. Within this scope, for GPS satellites, ECEF coordinates of the satellites were computed using the broadcast ephemerides. The coordinates computed by using broadcast ephemerides were compared with the coordinates obtained from the IGS final orbits.
INTRODUCTION
Knowledge of ephemerides is an important issue for all GNSS applications because all ground positioning applications begin with the positions of GNSS satellites (Yoon, 2015) . The computation and prediction of precise satellite orbits, together with appropriate observations and adjustment techniques is, for example, essential for the determination of; -geocentric coordinates of observation stations, −field parameters for the description of the terrestrial gravity field as well as for the determination of a precise and high resolution geoid, -trajectories of land-, sea-, air-, and space-vehicles in realtime navigation, -Earth's orientation parameters in space (Seeber, 1993) Keplerian elements forming the fundamental information of the satellite orbit motion need to be known in order to make accurate orbit definitions in navigation and other relevant fields where satellite methods are used to determine positions. Satellite motions are expressed through Kepler's Laws and are defined via six Keplerian orbital elements (Seeber 1993 , Hoffmann-Wellenhof et al. 1994 , Warren 2002 . These are shown in Figure 1 and explained in Table 1 . (Seeber, 1993) Three of the Keplerian orbital elements (a, e, P) describe the shape of the orbit while the other three elements (i, Ω, ω) enable orientation of the orbit in the ECEF (Earth Centered Earth Fixed) coordinate system. Ephemerides data involving satellite orbital information are used to determine the position of a point on earth. Ephemerides data express Keplerian Orbital Information and data belonging to the momentary position of the satellite. Basis vector measured via GPS and point position accuracies vary depending on the accuracy of the ephemerides used in calculation. 
GPS EPHEMERIDES
Ephemerides in practical usage are broadcast ephemerides that constitute the control unit of GPS and are obtained through observations. Although broadcast ephemerides provide adequate accuracy in many applications, they may not be adequate for applications requiring high accuracy. Broadcast ephemerides are delivered to users as navigation messages (Seeber, 1993) .
The error that occurs when the accuracy of the satellite position information broadcast in GPS Navigation message is low or when it is broadcast deliberately erroneously is called ephemeris error. This error is one of the disturbing effects that are hard to model. Therefore, it is important to take these disturbing effects, which are defined as ephemeris error, into consideration in computation of satellite orbits and this depends on proper measurement and modeling of forces affecting satellites (Tusat and Turgut, 2003) . Since ephemeris error is a result of prediction of satellite positions, the size of this error will increase as one moves away from the reference epoch for ephemerides. When the matter is analyzed in terms of the user, the error that will be caused by satellite error in Δr size in fundamental components (Δb) of base in b length can be expressed in the following equation (Kahveci and Yildiz, 2001) .
Here, denotes the satellite-receiver distance. Thus, if satellite-receiver distance is taken to be approximately 20200 km, errors in lengths that will be obtained for different ephemeris errors and base lengths on the basis of equation (1) are shown in Table 2 (Kahveci and Yildiz, 2001 ). Engineering and Geosciences (IJEG), Vol; 3; , Issue; 1, pp. 012-019, February, 2018, The effect of ephemeris error is quite low for baselines of a few kilometers. However, the size of this error increases significantly in cases where baselines reach a few kilometers, which causes a problem in the use of GPS system in geodetic applications that require a high level of accuracy (Kahveci and Yildiz, 2001) . Main causes of the error in question involve atmospheric drag and pressure by solar radiation. Sizes of predicted orbit and real orbit may exhibit differences especially during periods of high solar activity. Accuracy of geocentric coordinates obtained through broadcast ephemerides is not better than ± 2-5 cm (Seeber, 1993) .
Broadcast Ephemerides
Users need to know real time satellite positions and satellite system time in order to perform navigation tasks. Orbital information included in the data signal is broadcast via navigation message. Navigation message is determined by the Control Unit and transmitted to users by GPS satellites as "broadcast". The GPS navigation message file which contains the broadcast ephemeris gives the Keplerian parameters needed to compute the coordinates and clock correction for each satellite (Bidikar et al. 2014) .
Broadcast ephemerides are used to compute the following items (Parkinson, 1996) ; − satellite position at epoch, − satellite velocity at epoch, − three clock parameters per satellite, − solar radiation pressure coefficients per satellite, − y-axis acceleration bias, − two clock parameters per monitor station, and − one tropospheric scale factor per monitor station.
In the Kalman Filter process, predicted satellite positions are in the form of perturbation parameters and Keplerian elements ( Figure 2 ). All parameters defining the satellite orbit and the state of the satellite clock are summarized in Table 3 below.
The parameters refer to a given reference epoch, t0e for the ephemeris and t0c for the clock, and they are based on a four hours curve fit (ICD, 1993) . Hence, the representation of the satellite trajectory is achieved through a sequence of different disturbed Keplerian orbits (Seeber 1993) .
The parameter sets in Table 3 are used to compute satellite time and satellite coordinates. The first group of the parameters are used for real satellite time. The second group defines a Kepler ellipse in reference epoch while the third group includes nine perturbation parameters. (Seeber, 1993) 
Cuc, Cus
Correction coefficients for perigee argument, (radian)
Crc, Crs
Correction coefficients for geocentric distance, (meter)
Cic, Cis
Correction coefficients for inclination angle, (radian)
IGS Final Ephemerides
Precise ephemerides and clock parameters depend on observations at monitor stations scattered across the world. Dual-frequency receivers that could measure both code phases and carrier phases of all visible satellites were established at some stations. Satellite errors can be purged of time errors of the station clock through use of International Journal of Engineering and Geosciences (IJEG), Vol; 3; , Issue; 1, pp. 012-019, February, 2018, high precision oscillators (rubidium-cesium atomic standard) (Seeber, 1993) . Data files are in general compatible with SP3 (standard product 3) data format (Remondi, 1991; Hilla, 2002; IGS 2017) . Today, the most important source for final ephemerides and other GPS products is IGS. Production of IGS (International GNSS Service) orbital information began with an experimental GPS measurement campaign that took place on 21 st June 1992. (Kahveci and Yildiz, 2001 ) Unlike broadcast ephemerides, IGS orbits are formed from phase observations made in an intensive global network. Figure 3 shows IGS points in the world. Today, IGS is responsible for collection, archiving and distribution of GPS measurements that could be used, with adequate accuracy, in scientific studies and engineering applications. These GPS measurements are used to obtain the following products (IGS, 2017).
-High accuracy GPS satellite ephemerides -Earth rotation parameters (ERP) -Coordinates of IGS monitor stations and their velocities -Clock information belonging to GPS satellites and IGS monitor stations -Computation of tropospheric zenith path delay IGS products enable improvement and development of the ITRF system, determination of the movements of earth's crust, identification of changes on sea surface and provide high accuracy required by ionospheric studies. IGS performs these tasks within the following structure.
- The task of centers of analysis is to produce daily global data uninterruptedly (Kahveci and Yildiz, 2001) . IGS produces four different pieces of orbital information according to orbits and clocks: IGS-Ultra-Speed, IGS Speedy, IGS Result orbital information (see Table 4 ). 
MATERIAL AND METHOD
So far, GPS satellite orbits have been explained. In this regard, GPS satellite coordinates were computed in the ECEF coordinate system using the IGS final (igs18632.sp3) and broadcast ephemerides (brdc2650.15n) data belonging to September 22, 2015 at 12.00 hours in order to investigate the effect of ephemerides information on coordinates, and comparisons were made. In the numerical application conducted, the effect of broadcast ephemerides belonging to the points on satellite coordinates was investigated by changing only the orbital information from among the selected parameters in the comparison.
Computation of ECEF Coordinates from Satellite Orbits
RINEX (Recevier INdependent EXchange format) navigation file data are used to compute a GPS satellite orbit or its position at a certain moment in ECEF coordinate system. (Figure 4 ). Ephemerides parameters used in the computations are given Table 3 . It is possible to compute highly accurate satellite coordinates in the ECEF coordinate system using these data in a certain algorithm. Vol; 3; , Issue; 1, pp. 012-019, February, 2018, 
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Satellite Position Computation Algorithm
Computation of the position of a satellite in ECEF coordinate system is quite simple. The algorithm to be used to this end is given in Table 5 . and variables, which were not in linear correlation, were found using Newton-Raphson iteration technique. 
RESULTS AND DISCUSSION
For a comparison, the data obtained from a broadcast ephemeris file belonging to the selected time and all the coordinates in the ECEF system belonging to all the satellites were computed using the algorithm (see Table  5 ) and the results are given in Table 6 . Since broadcast ephemerides information belonging to satellites 19 and 28 did not exist for the time we studied, it was not included in the computations and comparisons. Satellite coordinates existing in current IGS final ephemerides file are given in Table 7 .
International Journal of Engineering and Geosciences (IJEG), Vol; 3; , Issue; 1, pp. 012-019, February, 2018, When the coordinates obtained from two different types of ephemerides information were compared, the differences in Table 8 were reached and they were shown in Figure 5 . Table 8 is examined, it is seen that the differences between the coordinate components of broadcast and final ephemerides vary between -1,6321
International Journal of Engineering and Geosciences (IJEG), Vol; 3; , Issue; 1, pp. 012-019, February, 2018, Rui-xi et al. (2014) , accuracy of broadcast ephemerides was found to be around ±1 m for each of the X, Y and Z coordinates. Likewise, it was stated in Grzegorz et al. (2015) and in IGS (2017) that satellite coordinates could be obtained with an accuracy of ±1 m through broadcast ephemerides.
CONCLUSION
Reliable, consistent positioning accuracy has always driven new product development in the survey and mapping sector of the GNSS market (Cameron 2015) . It should not be forgotten that accuracy of the coordinates calculated from broadcast and final ephemerides data is influenced by gravity field information and tropospheric and ionospheric factors. ITRF system, which uses GRS80 reference ellipsoid, is used in productions made from final ephemerides whereas WGS84 system, which again uses GRS80 reference ellipsoid in calculations made from broadcast ephemerides data, but it is pointed out that there is not much difference between WGS84 and ITRF systems in practical applications (Stanaway 2007) .
When all the effects are taken into consideration, the desired precision in the study to be conducted needs to be determined properly before deciding on the ephemerides information to be used. Use of IGS final ephemerides data in specific studies such as establishment of first degree Networks and deformation measurements which require extremely high precision may ensure that results have even higher levels of accuracy. For example, it would be appropriate to use IGS final ephemerides data to improve accuracies of ITRF coordinates of local/regional geodetic studies. On the other hand, release period of IGS products ranging from about 1 day to 2 weeks is a major disadvantage for high precision GNSS processing. Therefore, the fact that broadcast ephemerides data can be accessed at any time and that it yields results that are not much different from those obtained from final ephemerides data render broadcast ephemerides a more easily applied alternative in many practical applications.
